Abstract A comparative phenomenological analysis of Regge models with and without a hard Pomeron component is performed using a common set of recently updated data. It is shown that the data at small x do not indicate explicitly the presence of the hard Pomeron. Moreover, the models with two soft-Pomeron components (simple and double poles in the angular momentum plane) with trajectories having intercept equal one lead to the best description of the data not only at W > 3 GeV and at small x but also at all x ≤ 0.75 and Q 2 ≤ 30000 GeV 2 .
Introduction
It can be asserted confidently that Regge theory [1] is one of the most successful approaches to describe high energy scattering of hadrons. Since some of important ingredients of amplitudes such as vertex functions or couplings cannot be calculated (derived) theoretically, a number of models are based on additional assumptions. Concerning the leading Regge singularity, the Pomeron, even its intercept is a subject of lively discussions. Moreover, the proper Regge models as well as the models inspired by QCD or by other approaches, having elements of Regge approach, are more or less successful when applied to processes induced by photons (for an obviously incomplete list, see [2] - [16] ).
Two methods are currently used to construct a phenomenological Pomeron model for pure hadronic amplitudes. In the first one, the Pomeron is supposed to be a simple pole in the angular momentum (j-) plane, with intercept α P (0) > 1. This property is necessary to explain the observed growth of the total cross-sections with energy. Then, such a Pomeron must be unitarized because it violates unitarity. In the second approach, the amplitude is 1 E-mail: desgrolard@ipnl.in2p3.fr 2 E-mail: martynov@bitp.kiev.ua constructed, from the start, in accordance with general requirements imposed by unitarity and analyticity. Here Pomeron has α P (0) = 1 and must be a singularity harder than the simple pole is (again because of the rising cross-sections).
The hypothesis of Pomeron with α P (0) > 1 (called sometimes "supercritical" Pomeron) has a long history (see for example [17] ); it is supported presently by perturbative QCD where BFKL Pomeron [18] has ∆ P = α P (0) − 1 ≈ 0.4 in the leading logarithmic approximation (LLA). However, the next correction to ∆ P LLA is large and negative [19] , the further corrections being unknown yet. As a consequence, the intercept of the Pomeron is usually determined phenomenologically from the experimental data. In their popular supercritical Pomeron model, Donnachie and Landshoff [20] found α P (0) = 1.08 from the data on hadron-hadron and photon-hadron total cross-sections. When the model was applied in deep inelastic scattering, namely to the proton structure functions, the authors needed to add a second Pomeron, "hard", (in contrast with the first one called "soft" Pomeron, because of its intercept near 1), with a larger intercept α hP (0) ≈ 1.4 [7, 16] .
At the same time, the detailed comparison [21] - [23] of various models of Pomeron with the data on total cross-section shows that a better description (less value of χ 2 and more stable values of fitted parameters when the minimal energy of the data set is varying) is achieved in alternative models with Pomeron having intercept one, but being a harder j-singularity, for example, a double pole. Thus, the Soft Dipole Pomeron (SDP) model was generalized for the virtual photon-proton amplitude and applied to the proton structure function (SF) in a wide kinematical region of deep inelastic scattering [8] . This model also has two Pomeron components, each of them with intercept α P (0) = 1, one is a double pole and the other one is a simple pole.
Recent measurements of the SF have become available, from H1 [24] and ZEUS [25] collaborations ; they complete or correct the previous data near the HERA collider [26] - [29] and [30] - [32] and from fixed target experiments [33] - [37] . They have motivated us to test and compare above mentioned Pomeron models of the proton structure function F 2 (x, Q 2 ) for the widest region of Q 2 and x. In this paper, we would like to determine how is crucial or no the existence of a hard Pomeron component (having in mind the previous successes of the Soft Dipole Pomeron model without a hard Pomeron component). We support the point of view that Pomeron is an universal Reggeon: only the vertex functions are different with different processes. That means that the Pomeron trajectory (or trajectories in the case of two components) could not depend on the external particles i.e. on the virtuality Q 2 of photon in DIS. This circumstance dictates partially the choice of the models under consideration. Our aim is to propose a detailed quantitative comparison of some models, satisfying the hypothesis of universality, with and without a hard Pomeron.
Details on the fitting procedure, particularly on the choice of experimental data, are given in the next section. In Sect.3, the proposed models are defined (or redefined), their comparison is performed in two steps : the low x analysis allows to select the best ones kept in the extended x-range.
Fitting procedure : details
The choice of a data set may have crucial consequences in definitive conclusions of any analysis. Thus, a set including the most recent and older data has been used in the fits of the models of the proton SF. These updated data are listed and referenced in Table 1 . We have fitted the models in three kinematic regions: A, B and C.
The determination of the regions A (with 797 points) and B (with 878 points) is arbitrary enough, especially concerning the upper limit for x, aiming to select "small" x. The second region (B) is the extension of region A for W > 3 GeV. One can see from Table 1 that the difference between both comes mainly from the added data on the crosssection σ γp tot , when we are going from A to B. We remark that the pure hadronic cross-sections data at √ s ≥ 5 GeV are described well by the Dipole Pomeron [22, 23] , whereas the physical threshold for NN interaction is √ s N N ∼ 2 GeV. For γN interaction the threshold is lower, √ s γN ≡ W γN ∼ 1 GeV. Thus one can expect a good description of the low W -data at least within the Soft Dipole Pomeron model. Running a few steps forward we should note that there are a few data points from the fixed target experiments [35] , [36] in the above mentioned regions A (5 points of BCDMS experiment) and B (5 points of BCDMS and 7 points of SLAC experiments) that lead to some problems in the fit. Firstly, they contribute to the χ 2 noticeably more than the other points do. Secondly, an analysis of all the models we consider here shows that they destroy the stability of the parameters values when one goes from region A to region B. The problems disappear if these 12 points are eliminated from our fit. Possibly, at small x, there is a small inconsistency (due to normalization ?) between the experiments. In the following, we present the detailed results of a fit without these points (the corresponding data sets are noted as A 1 and B 1 ), but we give also the values of χ 2 for the full data sets, A and B. The third region (C) includes all data listed in Table 1 . The relative normalization among all the experimental data sets has been fixed to 1. Following the suggestion from [29] , some data from [27] As usual, we "measure" the quality of agreement of each model with experimental data by the χ 2 , minimized using the MINUIT computer code. The ensuing determination of the free parameters is associated with the corresponding one-standard deviation errors. The results are displayed below 3 .
Regge models in Deep Inelastic Scattering and phenomenological analysis
We stress again that there are numerous models for the proton SF, inspired by a Regge approach, which describe more or less successfully the available data on the SF in a wide region of Q 2 and x. Here, we consider two of them (and their modifications): the twoPomeron model of Donnachie and Landshoff [7] and the Soft Dipole Pomeron model [8] , incorporating explicitly the ideas of universality for a Reggeon contribution (in the Born approximation) and of Q 2 -independent intercepts for Pomeron and f -Reggeon trajectories. We compare these models using the above common set of experimental data.
Kinematics
We use the standard kinematic variables to describe deep inelastic scattering (DIS) :
where k, k ′ , P are the four-momenta of the incident electron, scattered electron and incident proton. Q 2 is the negative squared four-momentum transfer carried by the virtual exchanged photon (virtuality)
x is the Björken variable
W is the center of mass energy of the (γ * , p) system, related to the above variables by
with m p being the proton mass.
Soft and
Hard Pomeron models at small x.
3.2.1 Soft + Hard Pomeron (S+HP) model.
Considering the two-Pomeron model of Donnachie and Landshoff (D-L)
, we use a recently published variant [7] 4 and write the proton SF as the sum of three Regge contributions: a hard and a soft Pomeron and an f -Reggeon
where
with the cross-section (we approximate the total cross-section as the transverse one)
We show in Table 2 results of the fit performed in the regions A 1 and B 1 . In order to take full advantage of the parametrization, but in contradiction with the original more economic suggestion of D-L, we allowed for the intercepts of the Soft Pomeron and f -Reggeon to be free.
In both regions, the values of Q 2 f are found too small. If we put the low limit for this parameter at 0.076 GeV If the above mentioned 12 BCDMS and SLAC points are taken into account then we obtain
with free intercepts of Pomeron and f -Reggeon.
One can see that decreasing the minimal energy of the data set always leads to a deterioration of the fit. 4 When the present paper was practically finished, an other variant [16] appeared with a slightly changed soft Pomeron term and additional factors (1 − x) b in each term . We repeated our calculations for this new version however we failed to obtain χ 2 /d.o.f. < 1.5 even for region A 1 if the soft pomeron term (3.7) does not have square root factor. Table 2 : Parameters of the "Soft + Hard Pomerons" model [7] obtained from our fits in the regions A 1 and B 1 Parameter
Soft Dipole Pomeron (SDP) model
Defining the Dipole Pomeron model for DIS, we start from the expression connecting the transverse cross-section of γ * p interaction to the proton structure function F 2 and the optical theorem for forward scattering amplitude
the longitudinal contribution to the total cross-section, σ γ * p L = 0 is assumed. Though we consider in this Subsection only small x we give here the complete parameterization [8] valid also at large values of x; it will be fully exploited in the next Section. The forward scattering at W far from the s-channel threshold W th = m p is dominated by the Pomeron and the
14)
As for the Pomeron contribution, we take it in the two-component form
with
We would like to comment the above expressions, especially the powers D i and B i varying smoothly between constants when Q 2 goes from 0 to ∞. In spite of an apparently cumbersome form they are a direct generalization of the exponents d and b appearing in each term of the simplest parametrization of the γ * p-amplitude
Indeed, a fit to experimental data shows unambiguously that the parameters d and b should depend on Q 2 . At small x ≤ 0.07, which are under interest now, it is not necessary to keep factors (1 − x) B i , significant only when x gets near 1, in (3.12,3.17,3.18), with B i = B i (Q 2 ). In order to exclude in the expression for F 2 (rather than for σ γ * p T ) any factors (1 − x), we should fix B i = −1 in the above equations. In this case the S+HP and the SDP models can be compared for small x under similar conditions.
The results of fitting the data in the regions A 1 and B 1 are given in Table 3 . The intercept of f -Reggeon is then fixed at the value α f (0) = 0.785 obtained [23] from the fit to hadronic total cross-sections.
One can see from this table that the quality of the data description in the Soft Dipole Pomeron model is quite high. Furthermore, the values of the fitted parameters are close in both regions. Thus we claim a good stability of the model when the minimal energy W of the data set is varying.
Moreover, and to enforce this statement, we have investigated the ability of the SDP model to describe data in other kinematical regions namely with "small" x ≤ 0.1 and
Parameters are stable again and are not strongly modified from those in Table 3 However, as already noted, some of the fitted parameters are not stable under transition from region A to region B (in the present case, mainly the parameters d i0 are concerned). 
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Modified two-Pomeron (Mod2P) model
We already noted elsewhere [21, 23, 38 ] a very interesting phenomenological fact which occurs for total cross-sections. If a constant term (or a contribution from a Regge pole with intercept one) is added to the ordinary "supercritical" Pomeron with α P (0) = 1 + ǫ (for example in the popular Donnachie-Landshoff model [20] ) the fit to the available data leads to a very small value of ǫ ∼ 0.001 and to a negative sign of the new constant term. This is valid when pp andpp total cross-sections are considered as well as when all cross-sections, including σ γp tot and σ γγ tot , are taken into account. Due to this small value of ǫ one can expand the factor (−is/s 0 ) ǫ , entering in the supercritical Pomeron, keeping only two first terms and obtain, in fact, the Dipole Pomeron model. We would like to emphasize that the resulting parameters in such a modified Donnachie-Landshoff model for total cross-sections are very close to those obtained in the Dipole Pomeron model.
It has been demonstrated above that SDP model for F 2 (x, Q 2 ), simplified for low x, describes well (even better than S+HP model does) DIS data in a wide region of Q 2 . A natural question arises : does such a situation remain possible for σ γ * p T or for the proton structure function at any Q 2 ? In what follows, we suggest a modification of the model defined by (3.5-3.8) and argue that answer on the above question is positive.
In fact, we consider the original S+HP model with ǫ h = 0 modifying only residues and redefining the coupling constants 6 to have for the cross-section the expression
ǫ is inserted in the denominators in order to avoid large values of C 0 and C s when ǫ ≪ 1 (this case occurs in the fit). Thus we write
25)
The values of the free parameters and χ 2 are given in Table 4 . .14), (3.20) in the SDP model. We do not consider this possibility in order to avoid an extra number of parameters.
For intercepts of Pomeron (ǫ) and of f -Reggeon (α f (0)), the values obtained in [23] , in the case of non degenerated and non universal SCP are taken and fixed, in accordance with the idea of Reggeon universality (and because the data for σ γp tot are insufficient to determine precisely and simultaneously both the intercepts and the couplings).
For fits in the kinematical regions A and B (with BCDMS and SLAC points included) we have Region A:
To complete the set of Regge models, we present now an other modification of the Donnachie and Landshoff model. At the same time, it can be considered as a generalization of the Soft Dipole Pomeron model.
Generalized logarithmic Pomeron (GLP) model.
We have found in [39] a shortcoming of the SDP model, relative to the logarithmic derivative B x = ∂ℓnF 2 (x, Q 2 )/∂ℓn(1/x) at large Q 2 and small x. Namely, in spite of a good χ 2 in fitting the SF, theoretical curves for B x are systematically lower than the data on this quantity extracted from F 2 . In our opinion, one reason might be a insufficiently fast growth of F 2 with x at large Q 2 and small x (the SDP model leads to a logarithmic behaviour in 1/x) On the other side, essentially a faster growth of F 2 (and consequently of B x ) is, from a phenomenological point of view, a good feature of the D-L model. However, this model violates the known Froissart-Martin bound on the total cross-section of γ * p process which, as commonly believed, should be valid at least for real photons.
Thus, we have tried to construct a model that incorporates a slow rise of σ γp T (W 2 ) and simultaneously a fast rise of F 2 (x, Q 2 ) at large Q 2 and small x. We propose below a model intended to link these desirable properties, being in a sense intermediate between the Soft Dipole Pomeron model (3.11)-(3.21) and the Modified two Pomeron (3.23)-(3.26) model. Again, as for SDP, we give a parameterization valid for all x, without restriction.
A few comments on the above model are needed.
• In the original D-L model the dependence on x is in the form (
The main modification (apart from a replacement of a power dependence by a logarithmic one) is that we inserted (Q 2 ) ǫ into "energy" variable Q 2 /x and made it dimensionless. By a similar way we modified the f -term.
• The new logarithmic factor in (3.29) can be rewritten in the form
A similar behaviour can be seen at moderate Q 2 when the denominator is ∼ 1. However at not very large W 2 /m 2 p or at sufficient high Q 2 the argument of logarithm is close to 1, and then
simulating a Pomeron contribution with intercept α P (0) = 1 + ǫ.
• We are going to justify that, in spite of its appearance, the GLP model cannot be treated as a model with a hard Pomeron, even when ǫ issued from the fit is not small. In fact, the power ǫ inside the logarithm is NOT the intercept (more exactly is not α P (0) − 1). Intercept is defined as position of singularity of the amplitude in j-plane at t = 0. In our case, the true leading Regge singularity is located exactly at j = 1: it is a double pole due to the logarithmic dependence. Let consider any fixed value of Q 2 and estimate the partial amplitude with the Mellin transformation
One can see that the singularities of φ(j, 0) are generated by a divergence of the integral at the upper limit. To extract them we can put the low limit large enough, say W , will only contribute to the non-singular part of φ. We can take W 2 1 so large to allow the approximation ℓn(1 + a
• Thus this model can be considered as a Dipole Pomeron model. In order to distinguish between it and the Soft Dipole Pomeron model presented in Section 3.2.2, we call this model as Generalized Logarithmic Pomeron (GLP) model.
Performing fit in the regions A 1 and B 1 , we fixed all b i = 0, as required by the small x approximation, α P (0) as in SDP, and obtained the results presented in Table 5 . 
In the "full" (ı.e. with BCDMS and SLAC points) regions A and B the model gives
We complete, in the kinematical regions where x ≤ 0.1
Comparison between models at small x
Let us briefly discuss the obtained results when x ≤ 0.07. In order to make the comparison between models more clear, we collect the corresponding χ Table 6 , where we recall also some characteristics of the models.
All investigated models well describe the data in the two kinematical regions. Nevertheless it is clear that the models without a hard Pomeron (the SDP model and especially the GLP one) are preferable to the original D-L model, which include a hard Pomeron with α P (0) > 1. Thus in our opinion the most interesting and important result which has been derived from the above comparison of the models is that all SF data at x < 0.1 and Q 2 ≤ 3000 GeV 2 are described with a high quality without a hard Pomeron. Moreover, these data support the idea that the soft Pomeron, either is a double pole with α P (0) = 1 in the angular momentum j-plane or is a simple pole having intercept α P (0) = 1 + ǫ with a very small ǫ. There is no contradiction with perturbative QCD where BFKL Pomeron has large ǫ. Firstly, it is well known that the corrections to BFKL Pomeron are large and the result of their summation is unknown yet. Secondly, the kinematical region (x ≪ 1,
is a region where the Regge approach should be valid and where non-perturbative contributions (rather than perturbative ones) probably dominate.
In fact, we have two soft Pomerons in the SDP and LGP models, the first one, simple pole located in j-plane exactly at j = 1 and giving a negative contribution to cross-section. This negative sign is a phenomenological fact, nevertheless such a term can be treated as a constant part of the dipole Pomeron rescatterings giving a negative correction to the single exchange. On the other hand a simple pole with intercept equal one can be treated as a crossing-even component three-gluon exchange [40] .
The successful description of small-x domain within the SDP and GLP models allows us to apply them 7 to the extended region C, defined by the inequalities (2.3).
Soft Pomeron models at large x
In this section we present the results of the fits to the extended x-region, up to x ≤ 0.75, i.e. to region C, performed in the Soft Dipole Pomeron model and in the newly proposed Generalized Logarithmic Pomeron model. The values of the fitted parameters, their errors as well as χ 2 are given in Table 7 . In order to compare the quality of our fits with those obtained in an other known model, we have performed as an example the same fit in the ALLM model [3] . This model incorporates an effective Pomeron intercept depending on Q 2 and cannot be considered as a Regge-type model. Nevertheless, it leads to a quite good description of the data in the same kinematical region: we obtained χ 2 /d.o.f. ≈ 1.11 by limiting the intercept of f -Reggeon to a reasonable 7 We tried also to extend the Mod2P model to large x by using simple (1 − x)
Bi (Q 2 ) factors. We failed to get a good agreement with the data. 
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lower bound α f (0) = 0.5. The behaviour of the theoretical curves for the cross-section σ γp tot versus the center of mass energy squared and for the proton structure function F 2 versus x for Q 2 ranging from the lowest to the highest values is shown in Figs. 1-4 for both models. One can see from the figures that
• both calculated γp cross-sections are above the two experimental HERA results at high energy; rather, they would be in agreement with the extrapolation performed [32] from very low Q 2 . The GLP model reveals a steeper rise with the energy than the SDP model.
• The calculated SDP and GLD proton structure functions can be distinguished by eye only outside the fitted range, especially at high Q 2 where the steeper rise of GLP model is evident.
• The SF curves calculated in the GLP model have a larger curvature (especially at high Q 2 ) than we expected and consequently larger logarithmic derivatives
The last feature is reflected in the partial χ 2 for different intervals of Q 2 , as it can be seen in Table 8 , where we compare the quality of the data description in such intervals. Indeed 8 A comparative detailed investigation of the derivatives of the proton structure with respect to x and Q 2 is under progress. 
Conclusion
First of all, we would like to emphasize once more two important points. 1). The kinematical regions A (or A 1 ) and B (or B 1 ) where x is small are the domains where all conditions to apply the Regge formalism are satisfied :
However because of universality of Reggeons and of existing correlations between Pomeron and f -Reggeon contributions, it is important to fix α f (0) to the value determined from the hadronic data on resonances and on elastic scattering.
2). Analyzing the ability of any model to describe the data, it is necessary to verify how important are the assumptions on which the model is based. A possible mean holds in comparing the original model with an alternative one constructed without such assumptions (of course using a common set of experimental data).
In this work, we respect these two points and our conclusions are the following. Small x. We have shown that the available data can be described without a hard Pomeron component. Moreover the models without a hard Pomeron lead to a better description of data (by ≈10% in terms of χ 2 ). Furthermore, the best description is obtained in a model where the two Pomeron components have the trajectories with an intercept one.
We have proposed a new model for the proton structure function: the "Generalized Logarithmic Pomeron" model, which has not a hard Pomeron, but mimics its contribution at large Q 2 . In the region of small x this model gives the best χ 2 /d.o.f. Small and large x. Multiplying each i-component of the Soft Dipole Pomeron and of the Generalized Logarithmic Pomeron models by a factor (1 − x) B i (Q 2 ) , we can describe well not only small-x data but also data at all x ≤ 0.75. As noted recently [16] , these factors can be considered as an effective contribution of all daughter trajectories associated with Pomeron and f -Reggeon. Thus, their introduction is only an extension of the Regge approach to the whole kinematical x-region.
In spite of almost equivalent qualities of description, a precise analysis shows that these two models differently describe the data in the different regions of x and Q 2 . The extended Concluding, we stress again that the available data on the proton structure function and on the γp cross-section do not yield explicit indications in favor of an existing hard Pomeron.
